improvement in overall health status associated with melatonin use (Pϭ0.013). (13) 
Secondary Sleep Disorders
Secondary sleep disorders are sleep problems that are comorbid with medical, neurologic, or substance misuse disorders. (7) Meta-analysis of three crossover designed studies containing a total of 66 participants indicated a significant improvement in SOL with a reduction of Ϫ18.1 minutes (95% CI Ϫ29.4, Ϫ6.8) for melatonin over placebo for children who had developmental disabilities, (15) Rett syndrome, (16) and tuberous sclerosis. (17) These findings are supported by another systematic review including the same three studies. (1) Further large-scale studies would be beneficial and help increase confidence in these results in diverse pediatric populations.
Since publication of the systematic reviews by Buscemi and associates and Phillips and colleagues, at least five additional clinical studies of melatonin for secondary sleep disorders have been identified.
Thirty-two children, ages 3.6 to 26 years, who had developmental delay participated in a crossover RCT. (18) The children, of whom approximately 50% had epilepsy, received 3 to 9 mg of melatonin (3-mg increase per week as needed for efficacy) concurrent with their routine antiepileptic drugs for 4 weeks. Although the children did not experience significant mean differences in reduction in SOL with melatonin over placebo (Pϭ0.28), the authors concluded efficacy based on inappropriate statistical tests to analyze the data. They tested for significance of mean difference in SOL between placebo and melatonin groups using a test for categorical rather than continuous data; SOL is a continuous variable and any categorization would be arbitrary and was not stated.
Promising results have been recorded in children who have autism spectrum disorder (ASD). In a cohort study performed by Andersen and associates, (11) 107 children who had ASD and were taking melatonin, ages 2 to 18 years, received 0.75 to 1 mg if younger than 6 years of age with 1-mg increments every 2 weeks until 3 mg or 1.5 mg if older than 6 years increased to 3 mg after 2 weeks if no response. All children who had no response to lower doses received 6 mg after 4 weeks. Follow-up lasted for a mean of 1.8 years (standard deviation, 1.4). Although there was no follow-up of specific sleep parameters, after treatment initiation, 25% of parents reported no sleep concerns, 60% reported improved sleep, 13% reported no effect on sleep parameters, 1% reported worse sleep, and 1% had an undetermined response. Overall, melatonin showed beneficial outcomes when given to remedy sleep disturbances in children who had ASD.
Attention-Deficit/Hyperactivity Disorder (ADHD)
Sleep problems in children who have ADHD are common and troubling. In one study, sleep problems were reported in 29% of affected children receiving long-term stimulant medication, 19% of children not receiving stimulant medication, and 6% of children who did not have ADHD. (19) Between 54% and 64% of children receiving methylphenidate have been reported to experience insomnia. (9)(20) (21) (22) In an open-label, uncontrolled study of melatonin to treat sleep disorders in children who had ADHD, 3 mg of melatonin before bedtime significantly reduced SOL by 135 minutes at 1 week (nϭ27) and 16 minutes at 3 months (nϭ13) (PϽ0.01). (2) A crossover RCT examined the effect of 5 mg/day of melatonin in 23 children (6 to 14 years) who had ADHD and were receiving concomitant stimulant medication. (4) Melatonin use was associated with a reduction in SOL of 16 minutes (PϽ0.01) and an average 15-minute increase in total sleep time (PϽ0.01). In a double-blind RCT, 107 stimulant-free children who had ADHD, ages 6 to 12 years, were randomized to receive either 3 mg/day of melatonin for those whose body weights were less than 40 kg and 6 mg/day for those whose body weights were 40 kg or more or identical-appearing placebo daily for 4 weeks. (10) A 24.3-minute (95% CI Ϫ36.7, Ϫ11.9, PϽ0.001) reduction in SOL was reported for melatonin compared with placebo, accompanied by an increased total sleep time of 33.4 minutes (95% CI 11.8, 55.0, Pϭ0.01).
Studies of Melatonin in Secondary Sleep Disorders

Safety
In Canada and the United States, melatonin is "generally recognized as safe." In addition, the systematic review by Buscemi and associates (5) found that short-term supplementation with exogenous melatonin is relatively safe, over a period of days or weeks, and is safe at relatively high doses and in various formulations without the appearance of adverse effects. The safety of long-term use (more than 4 weeks of administration) has not been examined sufficiently in children and remains unclear. (5) The effect of melatonin on reproductive endocrinology is uncertain, with conflicting evidence of its effect on luteinizing hormone (LH). Although earlier trials concluded that melatonin had a minor, if any, effect on LH secretion, (23)(24) at least one more recently published trial suggested a significant reduction in LH attributable to melatonin administration, (25) and another suggested a reduction, albeit not statistically significant. (26) These emerging data suggest cautious use in prepubertal children and the need to consult a physician before taking melatonin.
Adverse Events
Few serious adverse events associated with melatonin administration have been reported. The incidence of adverse events (headaches, dizziness, nausea, and drowsiness) (nϭ122) was not significantly different between melatonin and placebo groups, as reviewed by Buscemi and associates. (5) Restless sleep was reported by one child in the open-label study by Tjon Pian Gi. (2) One child of 27 studied by Weiss and associates (4) reported a severe migraine, although the authors did not report which study medication the child was receiving. Among children who had ASD taking up to 6 mg of melatonin, 3 of 107 reported morning sleepiness, "fogginess," or increased enuresis. (11) A British questionnaire examining prescribing practices of pediatricians obtained data on adverse events representing 1,918 children receiving doses of 0.5 mg to 24 mg of melatonin. (27) Eighteen percent of pediatricians reported adverse events, including new onset of seizure activity (nϭ2), increased seizure frequency (nϭ3), hyperactivity (nϭ5), agitation/behavioral changes (nϭ6), worsening sleep patterns (nϭ6), nightmares (nϭ2), and constipation (nϭ2). Because these effects were observed in an uncontrolled setting, it is unclear whether the reported adverse events were causally associated with melatonin use. The authors did not report whether adverse event occurrence was doserelated.
Few incidents of rash, gynecomastia, and autoimmune hepatitis have been reported in individuals following melatonin use. (28) Again, it should be noted that in all such cases, direct causation between adverse event and melatonin has not been identified. (29) A cohort of six children (9 months to 18 years of age) who had multiple neurologic deficits received 5 mg of melatonin orally or by gastronomy tube before bedtime (the duration of administration was not reported). (21) Although melatonin improved sleep parameters in all children, four of six had increased seizure activity that returned to normal after discontinuation of the study medication. Another cohort of six children, ages 2 to 15 years, who received 3 mg of oral melatonin 30 minutes before bedtime concurrent with their antiepileptic drugs, reported no adverse events over a 3-month period of administration. (30) Further, clinical improvement in seizure activity occurred in five of six patients. Potential confounders may contribute to the conflicting results of these studies. Adverse event monitoring in a controlled setting would be beneficial.
Precautions/Contraindications
Although melatonin has demonstrated relative safety in children, its use is not recommended in the pediatric population without consultation with a health-care professional. The Natural Health Products Directorate (NHPD) of Health Canada recommends, due to interaction or potential interaction with medications, that people who have the following conditions avoid melatonin use: hormonal disorders, diabetes, liver or kidney disease, cerebral palsy, seizure disorders, migraine, depression, and hypertension. The NHPD also contraindicates the use of melatonin with blood pressure, sedative/ hypnotic, and immunosuppressive medication.
Pharmacokinetics
Melatonin most often is administered orally and is metabolized rapidly by the liver, with pronounced first-pass effects. (31)(32) Bioavailability following the first pass 
Summary
Research suggests that melatonin appears to be efficacious in ameliorating SOL in both primary and secondary sleep disorders in children. Overall, melatonin appears to be safe in children who do not have contraindicated conditions or medications at doses between 0.5 and 7.5 mg before bedtime, with a low occurrence of mild adverse effects. Depending on the desired effect, parents and doctors should decide on the type of formulation to be used: long-term release (recommended for sustaining sleep) or short-term release (recommended for initiating sleep). Potential risk versus benefit of melatonin should be assessed on an individual basis, taking into account the child's health and concurrent medications.
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